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RESULTSOFINVESTIGATIONS
ONTHE0.020-SCALE6V-I02

CONFIGURATIONSPACESHUTTLE
VEHICLEORBITERMODEL106-6

IN THEUSAF/AEDCVKF
TUNNELB (6A258)

by

M. E. Nichols
Rockwell International

ABSTRACT

The 0.020-scale high-fidelity Orbiter Model 106-6 was tested in the

USAF Arnold Engineering Development Center VKF 50-inch continuous-flow

hypersonic tunnel "B" from December 4 to December 18, 1980 and from

January 2 to January 6, 1981.

Testing was conducted at Mach numbers 6.0 to 8.0 and Reynolds numbers

from 0.96 x 106/ft. to 3.38 x 106/ft. Angle-of-attack range was from

0° to 60° and angle-of-sideslip range was from -4 ° to +4 °

The objectives of this test were to investigate orbiter lateral

directional stability and non-linearity in the Mach 6 to 8 regime.

Other tests in this series include 6A259, 6A257, LAI41, and LAI44

(see references 5 thru 8).
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INTRODUCTION

Test _A258 was conducted at the Arnold Engineering Development Center

(AEDC), Air Force Systems Command (AFSC), for NASA/Johnson Space Center,

Houston, in the vonKarman Gas Dynamics Facility 50-inch hypersonic

continuous-flow Tunnel "B" during the periods of December 4 to December

18, 1980 and January 2 to January 6, 1981. The 0.020-scale high-fidelity

orbiter model i06-_ was employed.

The tests were conducted to investigate the Space Shuttle Orbiter Vehicle

directional stability and non-linearity at Mach numbers 6 and 8. This pro-

_ectalso complemented test _A257 at the NASA/Langley Research Center 20-

inch Mach 6 facility and test _A259 in the AEDC Tunnel B using the 0.010-

scale orbiter model 72-_.

Base pressure and standard six-component forge and moment data were ob-

tained with the 0.020-scale _V-102 configuration high-fidellty model.

This test was conducted at Mach numbers 6 and 8 at Reynolds numbers from

0.96xi06 to 3.83xi06 per foot. The angle-of-attack was varied from 0 to

60 deg., at sideslip angles of -4 to 4 deg. Orbiter speedbrake, elevon,

and aileron deflections were varied manually during the test. The vertical

tail and star tracker door (STD) cavities' contributions to stability

characteristics were investigated. Comparisons between upright and in-

verted model orientation were made for flow-tare analyses. In addition,

oil flow visualization studies were conducted and Schlieren photographic

data were obtained. Additional information may be obtained from

reference 3.



SYMBOL MNEMONIC

AB

AC

_a

_BF

B

CA

ALPHA

AILRON

BDFLAP

BETA

BW

CA

CAB CAB

CAc CAC

CAF CAF

CAT

CBL

CgB (BODY) CBLB

CD CD

¢L CL

Cm CLM

C CN
n

CODE

NOMENCLATURE

DEFINITION

2
Model base area, including sting cavity area, in.

Model base sting cavity area, in. 2 (See Data

Reduction Section)

Model angle-of-attack, deg.

Aileron deflection angle, deg.

Body flap deflection angle, deg.

Model sideslip angle, deg.

Model wing reference span, in.

Axial force coefficient adjusted for sting

cavity pressure, CAT - CAC

Base axial force coefficient,

-AB(PBA - P-INF)/Q-INF'SW

Sting cavity axial force coefficient,

AC (PBA-PSC)/Q-INF. SW

Forebody axial force coefficient, CA - CAB

Total axial force coefficient, body axes, total

axial force/Q-INF'SW

Rolling moment coefficient, rolling moment/

Q-INF'SW-BW

Slope of CBL versus BETA curve at BETA = 0

calculated from a linear least-squares cu[ve
fit over BETAs from -0.5 to 0.5 deg, deg

Drag coeffieicnt, CA.COS(ALPHA+CN-SIN(ALPKA)

Lift coefficient, CN'COS(ALPHA)-CA.SIN(ALPHA)

Pitching moment coefficient, body axes, pitching

moment/Q-INF-SW'CW

Normal force coefficient, body axes, normal

force/Q-INF'SW

Model configuration number



SYMBOL

CPB A

CP C

Cn6(BODY)

_e

M

eo

MNEMONIC

CONFIG

CPBAVG

CPBi

CPSC

CPWB,CPWT

CW,BREF

CY

CYB

CYN

CYNB

ELEVON

LB, LREF

L/D

MACH

PBA

PBi

PHI

PN

PO

NOMENCLATURE (Continued)

DEFINITION

Model configuration designation

Average orbiter base pressure coefficient

Base pressure coefficient, i = i, 2

Sting-cavity pressure coefficient

Bottom and top tunnel wall static pressure

coefficient, respectively (if not designated

(i.e. CPW), bottom is implied)(PWB or PTP -

P-INF)/Q-INF

Model wing reference mean aerodynamic chord, in.

(See Data Reduction Section)

Orbiter side force coefficient

Slope of CY versus BETA curve at BETA = 0

calculated from a linear least-squares cu[ve
fit over BETAs from -0.5 to 0.5 deg_ deg

Yawing moment coefficient, yawing moment/

Q-INF-SW.BW

Slope of CYN versus BETA curve at BETA - 0

calculated from a linear least-square_ curve fit

over BETAs from -0.5 to 0.5 deg_ deg--

Elevon deflection angle, deg.

Orbiter body reference length, in. (See Data

Reduction Section)

Lift to drag ratio, CL/CD

Freestream Mach number

Average base pressure, (PBI + PB2)/2, psia

Base pressure, psia, i = i, 2

Roll angle, deg

Data point number

Tunnel stilling chamber pressure, psia

i0



SYMBOL

Pt

F_

%
,q

Relft

6R

_SB

To

Tp

XCG

MNEMONIC

PSC

PT

PWB, PWT

P-INF

Q-INF

RECBAR

REL

RE/FT, RN/L

RUDDER

RUN

SPDBRK

SW, SREF

TARE RUN

TO

T-INF

XCG

XCP/LB

XO,YO,ZO

NOMENCLATURE (Continued)

DEFINITION

Model balance cavity pressure, psia

Total tunnel pressure, psia

Bottom and top tunnel wall static pressure,

respectively, psia

Freestream static pressure, psia

Freestream dynamic pressure, psia

Freestream Reynolds number based on model wing

reference mean aerodynamic chord, RE/FT.CW/12.0

Freestream Reynolds number based on orbiter model

reference length, RE/FT.LB/12.0

Freestream unit Reynolds number, ft-I

Rudder deflection angle, deg.

Data run identification number

Speedbrake deflection angle, deg.

Model wing reference area, in. 2 (See Data Reduction

Section)

Data run used to correct body-axes data for tunnel

flow nonuniformities. Applicable to Runs 510-542.

Tunnel stilling chamber temperature, OR

Freestream static temperature, OR

Plenum temperature, OF

Distance from orbiter nose inner mold line to

moment reference center along model X-axis, in.

Model center-of-pressure location in the normal

force direction relative to the model nose inner

mold line, XCG/LB - (CLM.CW)/CN-LB)

Orbiter body coordinate stations in full scale

dimensions, in.

ii



NOMENCLATURE(.Concluded)

SYMBOL MNEMONIC

XMRP

YMRP

ZMRP

DEFINITION

Longitudinal location of moment reference point,

orbiter coordinate system, inches

Lateral location of moment reference point,

orbiter coordinate system, inches

Vertical location of moment reference point,

orbiter coordinate system, inches

12



CONFIGURATIONSINVESTIGATED

The test article used in test _A258was the 0.020-scale high-fidelity

SSVorbiter model, designated I06-_, of the #Vl02-design trajectory 14414.1 c/c

(modified) configuration. This is the OMLbaseline for the VC70-000002

control drawings of March 15, 1976.

All aerodynamically relevant surface protuberances and penetrations were

simulated, including the Main Propulsion System (MPS)Nozzles, Reaction Con-

trol System(RCS)Thruster Ports, Orbiter ManeuveringSystem (OMS)Pods,

and the cavities associated with the Star Tracker Doors (STD). Extensive

Cordaxmeasurementswere madeby Rockwell, prior to model delivery, to

ensure precise modelmold lines and contours (see reference 4).

Control surface deflections (see Fig. 2) were varied man_ally during the

test. Speedbrakesettings of 0, 25, 55 and 87.2 deg were accomplishedby

pinning the right-hand panel and using brackets to set the left-hand panel.

Elevon and aileron deflections between-5 and 5 deg were achieved using a

wormscrew/geararrangement. The settings were checkedwith an accelerometer-

type digital readout inclinometer to verify the deflection angle. The

actual elevon deflections were checkedunder load during calibration and

were set midwaybetweenminimumand maximumload deflections. Nominal

values were recorded in the data. Bodyflap and rudder deflections were

set to zero and remained unchangedthroughout the test.

Model base and sting cavity static pressure measurementswere madeat all

test conditions. The location of these pressure measurementsis presented

in Pig. 3b.

13



CONFIGURATIONS INVESTIGATED (Continued)

MODEL CONFIGURATION DESIGNATIONS

@V102 AEDC TUNNEL B

0A258 CONFIGURATION CODE AND RNCS SCHEDULE DEFINITION

CONF. STING

STAR

MODEL TRACKER VERTICAL

POSITION DOORS TAIL

i A INVERTED

2 A UPRIGHT

3 A UPRIGHT

4 B INVERTED

5 B UPRIGHT

7 A

8 B '

9 C INVERTED

i0 C UPRIGHT

ii C UPRIGHT

12 C INVERTED

OPEN

FILLED

FILLED

OPEN

ON

ON

OFF

ON

1
OFF
OFF

ON

ON

OFF
OFF

INVERTED + PHI=IS0 ° INITIALLY

UPRIGHT + PHI=0 ° INITIALLY

The following nomenclature is used to designate model components:

SYMBOL

B
75

C16

E64

F16

FD 3

F_22

HG
i

DESCR!PT]O:;

OV102 fuselage, includin£ _-ze_o umbilical

panels, crew hatch, and cargo bay door gaps

Canopy including recessed windshields and ob-

servation windows

Elevons, including elevon/elevon and

elevon/fuselage gaps

Body flap

Flipper doors (not simulated}

Fairings for the forward car_o bay door

hinges, six per side

Cargo bay door hinges, 13 per side

14



SYMBOL

M52

NI0B

NI09.

NIIO

NIII

R20

V27

VTI_

VTII

VTI2

VTI3

VTI4

VTI5

VTI6

VTI7

Wi31

CONFIGURATIONSINVESTIGATED(Concluded)

DESCRIPTION

OMS pods

Forward RCS thruster nozzle ports

MPS nozzles (inner surfaces cut-away for

sting clearance)

OMS nozzles

Aft RCS thruster nozzles and ports

Rudder, split into left- and right-speed

brake panels

Vertical tail

Cargo bay vents, four per side

Wing/landing gear bay vents, one per side

Cabin vents, one per side

Forward RCS vents, one per side

Aft fuselage vents, one per side

OMS RCS vents, one per side

Flipper door vents

Miscellaneous vents, ports, and penetrations

0V102 wing

15



INSTRUMENTATION

The i06-_ model was supported on the AEDC/VKF4.00-Y-36-073 six-component

balance, with its 4.06-Y-81-040 water jacket, during the low and mid

ALPHAphases, and on the 4.00-Y-36-072 balance and 4.06-Y-81-043 water

jacket during the high ALPHAphase of the test.

Extensive pretest check loadings to confirm balance accuracies and model-

to-balance alignment and location were performed with the model in place,

both in the Calibration Laboratory and in the tunnel. A series of weights

were hung at knownloadpoints (see Fig. 3e) at various model attitudes.

The results of these loadings are documentedin _he last section of this report.

Model base, sting cavity, and tunnel sidewall pressures were measuredwith

the Tunnel B standard pressure system using l-psid variable capacitance

transducers referenced to a near vacuum. Locations of the pressure taps

on the model are indicated in Fig. 3b.

Model flow-field color Schlieren photographs were obtained with a single

pass optical flow-visualization system through the two 17.25-in. diameter

test section windows in Tunnel B. Color TV cameraswere used to view both

windows for video cassettes, which were supplied to NASA-JSC. Color 70mm

still photographswere taken on selected runs. Color stills were also

madeof installation and checkloadlng activities and model configurations.

16



TESTFACILITYDESCRIPTION

Tunnel B (Fig. 5) is a closed circuit hypersonic wind tunnel with a 50-in.

diameter test section. Twoaxisymmetric contoured nozzles are available

to provide Machnumbersof 6 or 8 and the tunnel maybe operated contin-

uously over a range of total pressure levels from 20 to 300 psia at Mach

number6, and 50 to 900 psia at Machnumber8, with air supplied by the

VKFmain compressorplant. Stagnation temperatures sufficient to avoid

air liquefaction in the test section (up to 1350°R) are obtained through

the use of a natural-gas-fired combustion heater. The entire tunnel

(throat, nozzle, test section, and diffuser) is cooled by integral, external

water jackets. The tunnel is equipped with a model injection system, which

allows removal of the model from the test section while the tunnel remains

in operation.

The tunnel pitch-roll sector mechanismprovides the capability of obtaining

pitch angles from -15° to +15°, with somerestrictions due to model position-

ing in the test section. Roll limits are ±180°. These oonfigura_ions

of roll and pitch produce required sideslip angles.

Tunnel general operating conditions are as follows:

17



TESTFACILITYDESCRIPTION(Continued)

CLOSED-CIRCUITOPE_&TINGCONDITIONS

Tunnel

B

Nominal
Mach

Number

6
8

Pt psia

Min.l Max

20 270
50 850

ToOF
Max

390

890

q,psia

Min Max

0.3 4.1

0.3 3.8

-6
Re/ft x i0

Min Max

0.3 4.7

0.3 3.7

OPEN-CIRCUIT OPERATING CONDITIONS

Nominal

Tunnel Mach Pt Re/ft6_
Number psia x I0

6B 25

60

175

125

250

85O

0.5

i.i

3.1

0.7

O. 7

3.7

18



TESTFACILITYDESCRIPTION(Concluded)

This test section is equipped wi_ six fused quartz windows. The two on

either side are used for the shadowgraphor Schlieren system and the two

on top are used for either photographic purposes or overhead test support

and boundary-layer survey equipment. The viewing area of each window

is about 17.25 in. in diameter. Twoadditional 12-in. diameter window

ports are provided in each test section for auxiliary lighting and photo-

graphic purposes. Thesewindowsare located on top, ±45 deg, off vertical

axis, and near downstreamedgesof the large viewing windows.

Models are generally supported from the rear by stings which attach to

the roll mechanismon top of the single-ended support strut. The support

systemwill accommodatea vertical load of 1500 lb. or a horizontal load

of i000 lb. applied at the nominal center of model rotation. The relation-

ship of the model support and the windows is shownin Fig. 4a.

19



TESTPROCEDURES

In the VKFcontinuous-flow wind tunnel B, the model wasmountedon a sting

support mechanismin the installation tank directly underneath the tunnel

test section. The tank is separated from the tunnel by a pair of fairing

doors and a safety door. Whenclosed, the fairing doors, except for a

slot for the pitch sector, cover the opening to the tank and the safety

door seals the tunnel from the tank area. After the model is prepared for

a data run, the personnel access door to the installation tank is closed,

the tank is vented to the tunnel flow, the safety and fairing doors are

opened, the model is injected into the airstream, and the fairing doors are

closed. After the data are obtained, the model is retracted into the tank

and the sequenceis reversed with the tank being vented to atmosphere to

allow access to the model in preparation for the next run. The sequence

is repeated for each configuration change.

Model attitude positioning and data recording were accomplished with the

point-pause and sweepmodesof operation, using the VKFModel Attitude

Control System(MACS). Model pitch and yawrequirements were entered into

the controlling computer prior to the test. Model positioning and data

recording operations were performed automatically during the test by

selecting the list of desired model attitudes and initiating the system.

Mechanismsfor pitch and roll then are driven to obtain selected alpha and

beta attitudes.

Multiple installations were required to obtain the desired angle-of-attack

range and are shownin Figs. 4a-c. Several angle-of-attack phases are
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TESTPROCEDURES(Continued)

referred to in the text. The low alpha phase comprised the _ = 0 to 25

deg. angle-of-attack range, the mid alpha phase then covered an angle-of-

attack range of _ = 15 to 40 deg. and the high alpha phase included angles-

of-attack from 35 to 60 deg.

Data were recorded in either the point-pause or sweepmodeof operation,

using the MACS.

The point-pause data were obtained for finite values of e and-8. Each

data point for this mode of operation is the output of a Kaiser-Bessel

digital filter system with 16 samples taken over a 0.33 sec. period.

The continuous-sweep data were obtained for a fixed value of ¢ with an

average sweep (_) rate of 0.5 deg/sec or a fixed value of e with an average

roll (#) rate of 4.0 deg/sec. A data sample was recorded every 0.0208

sec and 16 samples were applied to the Kaiser-Bessel digital filter. The

output was then set to provide datapoints at 0.01-degree increments in yaw.

Interpolation was used to obtain data at requested attitudes for presenta-

tion.

A summary of the nominal test conditions at each Mach number is given below.

Mach PO,psia TO,°R Q-INF,psia P-INF,psia RE/FTxI0 -6 RECBARxI0 -6

6 204 850 3.37 0.136 3.83 3.03

6 116 850 1.94 0.079 2.20 1.74

6 50 850 0.86 0.035 0.96 0.80

8 644 1320 3.02 0.068 2.92 2.31

8 465 1290 2.22 0.050 2.20 1.74

8 174 1180 0.86 0.020 0.96 0.80
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TESTPROCEDURES(Continued)

Numerouscalibrations of the in-line roll mechanismwere obtained. The

results were curve-fit, using a fifth order least-squares method, and in-

corporated in the model attitude control system. These permitted precise

positioning of the model's attitude, taking into account sting and balance

deflections.

On-llne data analysis during the @A258 test was accomplished using a

Hewlett-Packard (H-P) model 9830 computer with a magnetic disc drive and

X-Y plotter supplied by NASA-JSC. Hard-line interface with the VKF DEC-10

computer allowed immediate near real time transfer of data.

During the flow visualization phase of _A258, the model was positioned at

discrete attitudes with a silicon oil/titanlum dioxide mixture applied.

(The model was prepared with a dark, contrasting paint.) Injection of

the model commenced each run.

Five (5) Varitron Model E 70mm cameras were sequenced simultaneously for

a given period. A direct television camera was also used for continuous

photographic coverage during the run and recorded Dn video cassettes. The

model was then retracted, cleaned, and prepared for the next run.

Model preparation was performed by NASA/Langley Research Center personnel

using an acid brush to randomly disperse the mixture described above on

the model. 200 centlstoke v_scosityoil was used as a liquifying flow

surface undercoat.
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TESTPROCEDURES(Concluded)

Precise model positioning during this phase was accomplishedby adjusting

the desired model angle of attack with the manual drive controls to com-

pensate for expected aerodynamicload deflections of the dummybalance/

sting arrangement. Thesedeflection angles were evaluated by applying

a series of anticipated loads (from previous runs) at given model positions

and selected angles of attack.

Several qualitative studies were undertaken during the tests to assess

data repeatability and ensure accuracy of the results.

Numerousflow-field diagnostic runs were obtained at all test conditions

and for every primary configuration. This was done to determine the effects

of tunnel flow non-uniformities on the aerodynamic data. The model was

pitched to _._ deg angle of attack (_8 deg. during the @A258 high alpha

phase_ and a 360 deg. roll polar was obtained.

During the _A258 test, wind_n repeat runs and wind-off balance checkloads

were eb_a±ned at the _eginning and end of every shift to define data

repeatability within that shift.
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DATA REDUCTION

Thevehicle static force data were obtained utilizing the tunnel data

acquisition system as described in Test Procedures. The force and

moment measurements were reduced to coefficient form using the digitally

filtered datapoints and correcting for first and second order balance-

interaction effects. Vehicle coefficients and attitude angles were

also corrected for model tare weight and balance/sting deflections.

Model attitude and tunnel stilling-chamber pressure were also calculated

from digitally filtered values.

Orbiter force and moment coefficients are presented in both the body-

axis and stability-axis systems. Pitch, yaw, and roll moment coefficients

are referenced to a point on the model corresponding to full-scale Orbiter

stations of XO = 1076.68, YO = 0, and ZO = 375 (see Fig. 3a). Since the

model surface corresponds to the Orbiter outermold line, the actual model

nose begins at a full-scale Orbiter station of 236 along the longitudinal

axis. Model wing reference spanewas the reference length for the roll

and yaw moment coefficients while thewing reference mean aerodynamic

chord was the pitch-moment coefficientreference length.

The model total axial-force coefficient (CAT) was adjusted by the sting-

cavity axial-force coefficient (CAC) to the axial-force coefficient (CA).

The CA was adjusted by a base-pressure axial force coefficient (CAB),

determined from an average of two base pressures, to the forebody axial-

force coefficient (CAF). All stability axis data were reduced using

CA.
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DATAREDUCTION(Continued)

The side force, yawing moment,and rolling momentcoefficient slopes

were computedonly from runs with sideslip variations using a linear

least-squares curve fit of points where B = -0.5 to 0.5 deg.

The data packagecontains aerodynamicforce and momentda_a presented

in body and stability axis systems. Tabulations of these data along

with the corresponding tunnel conditions, base pressures, and temperature

measurementsare presented.

Numerousdiagnostic runs were madeto evaluate the effects of tunnel

test section flow non-uniformities on the data. The results indicated

that corrections were not necessary whenusing the in-line roll mechanism

but were required on the high alpha phase of test _A258when roll was

performed aft of the sting prebend. Flow-field corrections, therefore,

were applied only to the high alpha phase of test _A258 (run numbers

510-541).

It should be noted that missing run numbersand deleted data points or

parameters within a data point denote incorrect data. For example,

all data points for ALPHAS54deg. on the _A258data when the modelwas

inverted have been deleted. Thesecond±tions resulted in an unusual

tunnel-wall b_oundarylayer/model bow shock interaction in the _topWindow

cavity. The interaction resulted in separating the tunnel boundary

layer, which was conf±rmedby a sharp increase in the tunnel wall static

pressure measurementbeing monitored during the test. This caused
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DATAREDUCTION(.Concluded)

free-stream interference on the model. The end results were large

deviations in the expected trends of CN, ClaM, and CA with angle-of-attack.

This phenomena did not occur when the model was in the upright orientation

and the model bow wave was directed toward the tunnel floor (no window

cavity), and these upright data were considered correct.

CONSTANTS

F.S. M.S.

SYMBOL VALUE VALUE

AB 436.7 ft 2 0.1747 ft 2

AC 167.0 ft 2 0.0668 ft2

SW 2690.0 ft 2 1.0760 ft 2

LB 1290.30 in 25.8060 in

CW 474.81 in 9. 4962 in

XCG 838.70 in 16.7739 in

BW 936.68 in 18.7336 in
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REMARKS

Uponanalysis of the data obtained from the _A258

test, it was noted that the data repeatability during the mid alpha phase

wasdistinctly dependentupon the time that model i06-_ was exposed to

the tunnel flow. This was particularly observed at Mach8 and a unit

Reynolds number of 2.9 x 106/ft.

Non-repeatability of pitching moment coefficients was as much as 3 times

that estimated from pretest calculations of uncertainties, when "hot"

and "cold" model runs were compared. Other coefficient values, however,

remained within expected uncertainty levels. Numerous checks and diag-

nostic runs eliminated possible sources of this "error," except for

factors directly related to model temperature or temperature gradients.

During test _A259, which followed this program, thermocouples were speci-

fically installed on model 72-_ to isolate this effect, and similar trends

were detected at Mach 6.

These results suggested two possible explanations of effects which could

contribute to the non-repeatability with temperature: (i) model deformation

caused by temperature (gradients) in the model and (2) local flow field

changes caused by model surface temperatures.

Typically, the data were obtained when the model had been exposed to

the flow for some duration. Additional tests would have to be conducted

to isolate each effect, and tests _A257 and #A259 did investigate this

phenomenon to some degree.
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Table I

I
TEST CONDITIONS

DATE * g"-17-81

MACHNUMBER
REYNOLDSNUMBER

(perunit length)

DYNAMICPRESSURE

(pomw:ls./_.inch)

/._#'-
O. g6

STAGNATIONTEMPERATURE

(degreesFahrenheit)

!
B,0 _ f?--×IO_-T--
{ 2.;o×i0_'_
! • 0..fC>,,/O_9'P-r

3, 07_-

o,g#

BALANCE UTILIZED: -- L_Jr/'.__/--OI_',_.-
/

CAPACITY:

NF 700/150,0mbs -

SF 700/i000 ibs

AF 150(300 ibs

PM 1400/2625 in-lbs

RM 300/800 in-lbs

YM 140,0/i,750 i n-Zbs

COEFFICIENT
ACCURACY: .TOLERANCE:

SEE TABLES III & IV

COMMENTS:

L
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TABLE III

ESTIMATED UNCERTAINTIES

I _ I_'=I_.,LI_,,,_! c_ I c._ I c., 1ca 1c. I c, I

OA 258

.0 -073 0.96

_.o-ct?_ 2.2o

(;.0-0"/3 g.5_

_.0 -077_ 3.83

9.0-o75 o.9(.,I

8.0 -o7_ 2.2o

8.O -o7_ 2.92

U

1,1.

IA

U

IA

U

IA

U
1.1

tl
U

2% _o_L Ae-t:,c

oX_ZT& o.cx_aS" o.tx:_18 _.tx:x)4_o.=0o_ =_cx_3L9

O.OlP.4B _.=_ots o.oo 17 o.x:X_Ol&O.aoosgl o.o:)..._5

O.Ol_'/ O.t:_l_ o.(_Z?.. O.Ot_SS" O.t:_D_i o.oo17

=00s¢ _z:_64 o.ooo7 o.O0OlS ozz,:>zso.oo1&

o.o139 o._I ! o._ 17 OZ,X__zS" o._z¢ o.c_>lo

o.eesa o.cz,:>4 o._¢ o.a:xam4 o.om:>tso.o_xa9

oz:m::,9 o.eo1&, a.cx:_& o.c,_o?Z o.00c,37 cx col'9

D.Oo37 o.c,:_13 o.CcSo o.oa:Mo 3z:z_?..4 o.oo 18

o_ o.0oZ_, o.,:z:_,.7 o.c,:cx._9 o.0t_,,"'/ 0,0039

0.o112.. o.oo13 o.o_IS o.o_:,14, o.eaos'3o.oosq-

O.OlS_ o.eo14 o.aozi o._cc,33 o.eco3S oz:x:)IS"

o.a:,l_ o.ea:_ 0.0007 m.os:x_ _o.0o14

IA omF;C o.c_a4 _cm_9 o.ooo$?oz, x_&o_omz

u _ _.emD4 o._ o._s" o.0_t)17 o.C_ll

oAZS9 ;7o _OD_. Ae_::,c..

6=.O -074.

_.O i-o74

_..o0 _ _.cm&q o.oor7
u o,t:t_ o, oc: 14

4.40 t.I o.o_: _,_.
u m,o01? o._'/

=_DO0'70

o._O1_.

oz:,zx4. I o._olS"

o.om:x34o._OaZ

o.0_Ol3 o._

o _k2S-/

ro.O 20Z? _.0o

_.o 20Z? _,0

_,.0 _ 7._

17o I,,'K:,.I_-L l._l_C.

o. cI:_T,ZO.oO IO

o.c_n_" o.oooz_

o.o011 O.O0C)l'/

O.OOC_, o.C_O IO

O.OCt_.7

o.OCOl&

O.a:_cl

O.0041

OZX_Z4
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TABLE IV

LOAD UNCERTAINTY COMPARISONS

- O"/Z

oAz58

Zo29

oA zs7

P

S

14

l.=_b

P

B

L_D

P

5

t4

tOAD

F_

o._8Z

-O. K)7

I. G"/I

ISCXD

o.7S4

-O.12..3

I.G_ I

9oo

C).I2_--

C).CK::Kb

o. 2So!

2oo

FA

0.2&l

O.M,,3

O. &_.S"

BOo

0.094

-O.CO2

O.190

1SO

o .o45

o.ooS

o.098

50

r,,.l_s-

2.425"

)4.&gs

7STS

o.&Z_

io 2_5

2.114
s&4o

0 .t2G

o.C_! I

O.Zf='&

680

1,18_

- I.IS2

3.893

800

o.117

o.O33

0.387

BOO

0.057

-0.o(_

o.o76

I (DO

"h

I, I-/0

-O.OOZ

s{:_o

o. f.a,.4.

-O. I&;'&

1,4.4S

3_¢0

o.064

o.015

o. 183

_80

7S

0.253

o.5._4

o.94o

I0o0

0.204-

-0.089

0.497

7OO

o.o_8

-0.Ol7.

0.088

2OO

o.&4o _

SO

P

5
t_

A

4_

- _) t 0,...%
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View Along Hinge Line
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" Max DeflectionjJ

t

\

Z /
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Base Pressure Tubes (0.093 in. Dia.)

Posl_ioned 0.15 in. Aft of Locations
Sho,,m

PB1
i_ _azzle

Cavity

PSC

Figure 3.

PB2 Above Body Flap

(.Continued)
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a. Tunnel assembly

b. Tunnel testsection

Figure 5. VI_ Tunnel
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Data Figures

Tabulations of pl_tted data are available from DMS on request.
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